In studies on the concentration of cadmium in invertebrates , especially limpets, it is required to know how many samples are to be averaged.
In studies on Cd-binding proteins, it is necessary to know in what organ Cd is concentrated. Short-necked clams Tapes japonica were kept in sea water which contained stable Cd and radio active 115mCd.
The amount of Cd accumulated by a clam was measured with NaI (Tl) scintillation counter one by one, without sacrificing the clam.
The distribution of Cd in the body of a clam was made clear by "Macroautoradiograph" which was seldom used on limpets.
The results obtained were as follows: 1) The accumulation of Cd by clams differs considerably from each other. 2) A main Cd-accumulating organ in a clam is the Bojanus' organ, as well as the mid-gut gland which accumulated Cd considerably.
Cadmium is one of the most toxic heavy metals in the aquatic environment.
Recently, the pol lution by cadmium has become a major problem in the whole world.
For Cd, the entry routes via lung, alimentary canal and others are recognized by many authors.
The process involved in assimilation of food is the main ently route among them. Usually, the concentration of Cd in food is less than 0.05 mg per kg wet tissue. It is a common knowledge that marine animals bioaccumulate Cd. Internal or gans of octopuses and squids, nevertheless they are collected from unpolluted area, sometimes ac cumulate up to 100mg Cd per kg wet tissue. This is about 2,000 times the amount of Cd in general food.
Generally it is said as follows: when Cd is ad ministered to an animal, regardless of the method of administration, the amount of Cd in a liver in creases at first, then Cd level in a kidney gradually increases. Cd-binding proteins have also been isolated from molluscs, mussels and limpets. This fact indicates that the invertebrates may also contain metallo thioneins.
Except for a few reports, 2) metallo thioneins in invertebrates have not yet been dis covered.
So far, in studies on Cd-binding proteins in in vertebrates, the proteins have been extracted from whole edible parts.3-5) Thus, various other pro teins may mix with Cd-binding proteins in which we have been most interested.
Then, if we wish to obtain Cd-binding proteins with the more concentrated form, it is desired to know in what organs in the body Cd is concentrat ed.
"Macroautoradiography" just satisfied this need .
In our study, short-necked clams were used as the experimental animals and Cd (stable Cd and 115 mCd) as pollutant.
Another merit of using radioisotope is that Cd accumulation by a clam can be traced without sacrificing it.
Materials
and Methods Table  1 . Condition of Experimet I-A sorbed on shells, the external surface of shells were ground and coated with lacquer before the experiment. Each clam was picked up at schedul ed time interval from the container and washed with flowing tap water for 30 s. It was wiped and put in a polyethylene bag, whose thickness was 0.015mm, to avoid radioactive contamination. Then the radioactivity was measured with a NaI (TL) scintillation counter (Aloka Model ND-151F NaI: TI).
Experiment II Cd Distribution in a Clam
The condition of the experiment II is shown in Table 3 . The measurement of 115mCd accumulat ed by each clam was carried out in the same way as the experiment I-B. anatomized and divided into a Bojanus' organ, a mid-gut gland and the rest. Then, each organ was collected from ten clams and homogenized. The three homogenates were dealt with the same way as the experiment I-A.
Results and Discussion

Cd Uptake by a Clam
As shown in Fig. 1, the to know how many clams are sacrificed. Table 5 shows the relation of relative error and the number of clams that are to be sacrificed.
As the period of Cd uptake becomes longer, the number of clams to be sacrificed must be gradu an inherent speed of Cd uptake. So we can say that there is an individual difference in the speed of Cd uptake.
Taking this fact into consideration, the experiments II and III were carried out. Fig. 3 shows the typical processes of Cd uptake by clams, A and B, which are used for macroauto radiography.
Cd Distribution in a Clam
Sample A (Sa) and Sample B (Sb) were kept in Cd-containing sea water for 2 and 14 days, respectively.
Figs. 4 and 5 are macro autoradiographs of Sa and Sb, respectively. As seen in Fig. 4 , there are two parts of blacken ing. No. 1 shows the exposure mainly from a Bojanus' organ. No. 2 is from a mid-gut gland. A Bojanus' organ corresponds to a kidney of a clam and a mid-gut gland is an intracellular diges tive gland.
Since a clam has a small body, it is Table 5 . Relation of relative error and the number of clams which are to be sacrificed *1 Relative error. *2 The number of clams (which are to be sacrificed) corresponding to the above relative errors. not easy to dissect the internal organ. For ex ample, the Bojanus' organ is about less than 0.1 g/ clam. So it is often destroyed in dissection. There fore, it can not be found without using macro autoradiography that this organ accumulates so much Cd. Fig. 6 is a gill of Sa. This blackening is almost the same as the one of the mid-gut gland. It shows that the gill also has an affinity with Cd. Since the gill has mucus, it may adsorb part of Cd. From the above results, it seems that Cd enters into the body via the gill and is accumulated in the Bojanus' organ. Since these organs have intimate relations to the circulatory system, it is supposed that Cd first enters into blood via the gill, goes to the Bojanus' organ, and then the Bojanus' organ ac cumulates Cd from the blood.)
In Fig. 5 , No.1 shows again the Bojanus' organ. It is found that this part shows halation. It ex plains that this organ accumulates so much Cd in spite of its smallness. Therefore it is reasonable to think that it has a high capacity of accumulating Cd.
The mid-gut gland also has an affinity with Cd. But, when Figs. 4 and 5 are compared, it may be found that the increase of blackening of No.2 is not so much as that of No.1. It shows that the tendency of the mid-gut gland to accumulate Cd is not so high as the Bojanus' organ. Anyway, these two organs, the Bojanus' organ and the mid These data are different from crabs' and Ameri can oysters') in which the dominant Cd-accumulat ing organ is a mid-gut gland. The reason why there is such difference is not known.
